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stations are then controlled by defining 
logical channels within the Dynamic 
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METHOD AND MOBILE COMMUNICATION NETWORK FOR INTERCONNECTING BASE STATIONS AND 

MOBILE SWITCHING CENTERS 

Field of Invention 

This invention relates to the area of switching, and 
•transferring data in- a mobile communication' network'. More 
particularly, this invention refers to a method and a 
network for interconnecting base stations and mobile 
switching centers. 



Background of the Invention 

The past decade has seen a large deployment of 

10 mobile, or cellular, communication systems. Systems such 
as GSM (Global System for Mobile communication) , GPRS 
(General Packet Radio Service), and CDMA (Code Division 
Multiple Access) have grown dramatically in coverage, 
leaving almost no white spots left on the geographical 

15 map. With the planned migration and integration into the 
third generation mobile system UMTS (Universal Mobile 
Communication System) , a remaining obstacle for further 
increased deployment has been overcome. 

With the increased geographical coverage and public 

20 usage of such systems follows increased requirements on 
system capacity and system redundancy. From an operator 
point of view, requirements on simplicity and efficiency 
in terms of system design and maintenance becomes more 
pronounced . 

25 In a typical prior art mobile communication network, 

using GSM and GPRS (and, UMTS) as an example (see Fig. 1 
for reference) , the mobile switching center MSC, or its 
GPRS equivalent SGSN (Serving GPRS Support Node) , form 
the hart of the network. Typically, a transport network 

30 is used to transport traffic between the MSC/SGSN and one 
or more gateways to public switched telecommunication 
networks and/or to packed data networks, such as an X.25 
network or the Internet. 

To each MSC/SGSN, a set of base station controllers 

35 BSC, (referred to as radio network controllers RNC in 
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UMTS) , are connected, and each base station controller is 
in turn arranged to .control a respective set of base 
transceiver stations, each covering a' respective geograp- 
hical area, or cell, the system in all forming a well 
5 defined hierarchical structure. 

• A problem with such a prior art network is that if a 
BSC or an MSC goes down, it affects all base stations 
served by that BSC or MSC, thus disabling mobile access 
within the -affected area. Another problem is that, as a 

10 result of -the system distribution required to provide for 
geographical coverage, system maintenance and operation 
require deployment of manpower and other resources at 
-manyi different, geographical sites/ Also, the task of 
■synchronizing the operation : of base stations for multi 

15 base station transmission, require' the distribution of 
clock information, which for example is complicated in 
relation to base' stations are not controlled, by the same 
BSC/RNC . ■ . ■ • . 

20 Objects of the Invention 

i Jt is accordingly .an ' object . of the invention to 
provide a method and a network that provide for simpli- 
fied mobile communication network . maintenance" and opera- 
tion in both single and multiple operator networks. 
25 It is further an object that the method and network 

allow for increased redundancy in case of, for example, a 
BSC or MSC failure, . 

It is also an object of .the invention, that it offers 
:. a simplified .way of providing, synchronization of base 
30 station operation. ^ 

Summary of the Invention ; .. 

The. present invention overcomes . the above described 
problems and deficiencies . or the prior art by providing 
35 an improved mobile • communication method and network by 
interconnecting mobile switching centers and base station 
controllers (radio network controllers) and/or base 
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station controllers and base transciever stations using, 
at least in part, a Dynamic synchronous Transfer Mode 
(DTM) type network. Moreover, the hierarchical relation- 
ship between the mobile switching centers, the control 
stations, and the base stations in controlled by the 
definition of logical channels within the Dynamic 
Synchronous Transfer Mode type network. 

A Dynamic synchronous transfer mode, network provides 
a multi-access scheme that is used according to the 
invention, to define connectivity, on a logical .level more 
or less independently . with respect to the- underlying 
physical -.topology. The . invention therefore -provides the 
.advantage of significantly increasing, .the :manageability 
of a ./mobile communication . network in - separating the 
logical-:, connectivity f rom . the : r -logical ; physical . connec- 
tivity. - V . " - ' 

In .an alternative;, embodiment-,., this, advantagous 
features can furthermore be used for allowing two or more 
operators to provide services over the same network 
infrastructure by logically defining, using DTM -channels, 
two or more respective hierarchical . logical connectivity 
..trees over the same physical DTM network. jt\ 

The. DTM network may for example -be used to inter- 
connect a mobile service center and the base station 
controllers (radio network controls) associated there- 
with, as well as to interconnect a base station control- 
ler and the base transceiver stations controlled thereby. 

According to an aspect of the invention, data is 
transmitted between a plurality of mobile switching 
centers, base station controllers and/or base stations 
over the same physical DTM network, wherein the 
hierarchical relationship between the different compo- 
nents physically ^connected "to the same network" (MSC, BSC, 
BTS) are defined on a logical level by . the . establishment 
of logical DTM channels over the DTM network; Since the 
need of providing a hierarchical relationship .between the 
components . on a~ physical level is thereby eliminated, the 
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mobile switching center and the base station controllers 
may in fact be physically positioned at any desired 
location as long as access is provided via channels 
within the DTM network. For example, a . plurality of MSCs 
5 and/or a plurality of BSCs/RNCs may be placed at the same 
geographical location, thereby advantageously simplifies 
network. maintenance and operation. 

Also,, in case, for example, a mobile switching cen- 
ter or, a base station controller were to fail, another 

10 mobile switching center or base station controller can 
take over the role of controlling, the affected area since 
the hierarchical relationship may, at least, to some 
extent, .be re-defined, using logical channels within the 
DTM network . and is not , limited by the physical 

15 connectivity constraints of prior art. 

Furthermore, as DTM is a synchronous scheme , opera- 
ting^ at, a frame rate, of nominally 125 |Xs, the task of 
providing synchronization in case of multi base station 
transmissions, .is simplified by the access to the DTM 125 

20 |i.s frame clock. This synchronization reference may for 
example be used by the base stations as means for 
avoiding intersymbol interference when transmitting data . 

According to another aspect of the invention, as 
connectivity may be defined on a logical level within the 

25 DTM network, the same DTM network as mentioned above is 
used to carry data between the mobile switching centers 
(MSG or. SGSN) and the gateway to the Public Switched 
Telecommunication Network (PSTN) and/or to a packet 
switching network, such. as the Internet. Thus, according 

30 to the invention., instead of for example having to 
operate two different networks as in prior art, f one used 
between the gateways and the MSCs and one between the 
MSCs and the BSCs, only one physical network need to be 
managed, everything else being handle within that network 

35 . a logical level. 

Also, with the ..use of DTM for providing connectivity 
according to the invention, bandwidth resources may at 
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each time be logically allocated to those MSCs, BSCs or 
BTSs where they are needed the most. 

For general information on DTM networks and on how 
DTM channels are established in a DTM network, reference 
5 is made to "The DTM Gigabit Network", Christer Bohm, Per 
Lindgren, Lars Ramfelt, and Peter Sjodin, Journal of High 
Speed Networks, Vol. 3, No. 2, pp. 109-126, 1994, and to 
ongoing standardization processes within the European 
Telecommunication Standards Institute (ETSr).'*" 

10 However, in brief, a ' Dynmic synchronous Transfer 

Mode type network is a network having ' a dynamic frame 
structure in that the bandwidth of the network links are 
divided into recurrent, essentially fixed sized frames 
which in " turn are divided into fixed "size time slots, 

15 * wherein write access to the time slot positions within 
the recurrent frame of a link is afbitrarly distributed 
to * the 1 nodes connected to the link ' to define logical 
channels on said link, said channels being defined by 
'respective one or more time slot positions within sa'id 

20 recurrent frame of the link . Consequetly, the size of a 
channel will depend upon the number of time slot's alloca- 
ted to the channel. Moreover, the frame structure is 

.... . _ . Jlv • 

dynamic in that the said distribution of write access to 
the time slot positions of a link may be at. any time be 

25 redefined, i.e. causing a redistribution of time slot 
access among the nodes attatched to the link and/or among 
the channels served by the respetive nodes. Also, in a 
Dynamic' synchronous Transfer Mode type network, a channel 
may be defined to extend over several links (a link 

30 typically being a bus, double-bus, ring, double-ring, or 
a point-to-point connection), wherein the channel will be 
defined by a respective set of one or more time slot 
positions within the recurrent frames of the respective 
links that said channel is established over. 

35 To be noted, US Patent No / 5 , 7 61 , 61 9 (Danne, et al . ) 

discloses the use of a DTM network as a high speed 
synchronous protocol to facilitate" hand-off procedures in 
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relation to base stations' in a mobile network . However, 
this prior art neither suggest nr implies the use of the 
DTM network for defining network hierarchy on a logical 
level instad of the physical one ' to simplify network 
5 management and' to, for example, allow for several 
operators to offer services over the same network 
infrastructure . 

To be noted, even though the invention has been 
described primarily with' reference to GSM, UMTS and GPRS 
10 sy stems , the invention shaXl of course no t^be considered" 
limited thereto, the scope of the invention also 
encompassing other mobile networking standards and archi- 
tectures of similar general design and structure. 

15 Brief Description of the Drawings " 

Fig. 1 schematically" illustrates a prior art mobile 
communication network. ' ' •< ■ ■ 

Figs . 2A and ; 2B : schematically illustrate' a mobile 
communication network according to a first embodiment of 
20. the; invention. ' 

Fig. 3 schematically illustrates a mobile communica- 
tion network according to a second embodiment of the 
invention . " ' ~ 

Fig. 4 schematically illustrates a mobile communica- 
25 tion network according to a third embodiment of the 
invention . 

Fig . 5 schematically illustrates a mobile communica- 
tion network according to a ' fourth embodiment of the 
invention. 

30 - 
Detailed description of preferred embodiments 

With reference to the accompanying drawings, Fig. 1 
illustrates the basic architecture of a prior art mobile 
communication network, the design of which having been 
35 discussed above in the context of the background of the 
• invention . 
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In Figs. 2A and 2B, a mobile communication network 
according to a first embodiment of the invention is 
shown, wherein a DTM network is used to provide connecti- 
vity between mobile switching centers MSC/SGSN and base 
transceiver stations ,BS, more specifically in this embo- 
diment by interconnecting, the mobile switching .centers 
MSC/SGSN and the base station controllers BSC/RSN.- 

As the MSCs and the BSCs are all connected to the 
same DTM network, logical DTM channels, may be set up to 
between any two of. these components.. Consequently,, the 
design of the logical connectivity hierarchy within the 
network may be , cont rplled and changed at any time by, for 
example, the network .operator. , .. . 

Specifically, in Fig. 2A, a first DTM channel 11 has 
been established between the . first mobile switching 
center MSC/SGSN1 . and T the : first, base station controller 
BSC/RSN1, a second DTM channel 12 has been established 
between the first mobile switching center MSC/SGSN1. and 
the second base station controller BSC/RSN2, a third DTM 
channel 13 has been established between the second mobile 
switching center MSC/SGSN2 and the third base station 
controller BSC/RSN2,. and a fourth.. DTM channel 14 has-been 
established between the second mobile switching, .center 
MSC/SGSN2 . and the . fourth base station controller BSC/- 
RSN4. .Consequently, these four DTM channels form, a logi- 
cal connectivity within the DTM network that, provides the 
same hierarchical relationship between the interconnected 
components as the .hierarchy that was defined by the 
physical connectivity illustrated in the prior art 
network of Fig. 1. 

Also illustrated in Fig. 2A is a DTM channel 10 
established between .the two mobile switching centers 
MSC/SGSN1 and MSC/SGSN2, making it possible, for them to 
communicate also .using the DTM network. 

In Fig. 2B, ■ it is assumed that some kind of failure 
has occurred with respect to the second mobile switching 
center MSC/SGNS2, rendering it incapable of handling 



WO 00/78077 



8 



PCT/SEOO/01209 



traffic in relation to the base stations controllers 
BSC/RSN3 and BSC/RSN4 . As a result thereof, two new DTM 
channels 15 and 16 has been established between the first 
mobile switching center ' MSC/SGSN1 and the controller 
5 BSC/RSN3 and BSC/RSN4, respectively. Consequently, in 
this situation, the first mobile switching center may act 
as stand in for the second one as long as the latter is 
out of order. 

In Fig. 3, a mobile communication network according 

TO to a second"" embodiment of the invention Ts iTT ust rated, 
wherein one- single DTM network is used to provide connec- 
tivity between the mobile switching ciehters MSC/SGSN and 
the base station controllers BSC/RSC as well as between 
the controllers and BSC/RSC the base stations' BS . 

15 In similar to : what has been described '-.above with 

reference to - Figs. 2A and 2B, logical DTM channels; 
(illustrated as dashed lines throughout the figures) are 
set up within ■ the '/DTM network -to fbrm a logical 
connectivity ' within the DTM network that .provides the 

20 same hierarchical relationship between the interconnected 
components- as the hierarchy that was defined by the 
physical connectivity illustrated in the prior art net- 
work of Fig. 1. Also, reconfiguration of the hierarchical 
structure may be performed logically within -the DTM 

25 network without changing the physical network in the same 
manner as described above with reference to Fig. 2B. As 
is understood, such reconfiguring may involve re-defining 
of logical channels between one or more mobile switching 
center and one or more base station controllers, between 

30 one or more base station ocontroller and one or more base 
transceiver stations, • and/or a combination thereof. 

In Fig. 4, a mobile communication network according 
to a third embodiment of' the invention is illustrated, 
wherein one single DTM network is used to provide 

35 connectivity between the mobile switching centers 
•MSC/SGSN and the base station controllers BSC/RSC as well 
as between the' -mobile switching centers MSC/SGSN and 
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gateways GMSC and GGSN to a public switched telecommuni- 
cation network PSTN and a packet data network, such as 
the Internet, respectively. 

In similar to what has been described above with 
reference to Figs. 2A and 2B, logical DTM channels are 
set up within the DTM network logically interconnect the 
gateways and the mobile switching centers and to form a 
the same hierarchical relationship between the . inter- 
connected • components . as the hierarchy that was defined by 
the. physical connectivity .illustrated in, the. prior art 
network of Fig. .1. Also,- reconfiguration pf the hierar- 
chical structure may be performed logically within the 
DTM network without changing the physical network in the 
same manner as- described above, with, .ref erence to Fig .- 2B. 
Furthermore,, .as the...: size of any DT.M . channel may be 
r increased or decreased, typically . iin. steps of ,-512 .kbps, 
the size-; of the ; DTM ; channels illustrated in Fig. -,-4 as 
well as .in the other figures may- be controlled in 
accordance, with for example, the transfer capacity needed 
in relation to a specific base station, controller or 
switching center as a result of changing traffic loads. 

In Fig.- 5, a mobile communication n.etwork according 
to a fourth embodiment of the invention . is illustrated, 
wherein one single DTM network is used - to provide 
connectivity between the mobile switching . centers 
MSC/SGSN and the base station controllers BSC/RSC, bet- 
ween the controllers : and BSC/RSC the base stations BS, as 
well as between the mobile switching centers MSC/SGSN and 
the gateways GMSC and GGSN. 

In similar to what . has been described above with 
reference to Figs, 2A, 2B :/ .4, and 4, logical .DTM channels 
are set . up within the DTM network to establish the 
desired hierarchical connectivity relationship between 
the interconnected components. Also, as the prior art 
necessity of providing a physical , and consequently grap- 
hically distributed relationship between the interconnec- 
ted components is at least in part reduced by the logical 
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connectivity approach of the invention, Fig. 5 illustra- 
tes an example on how the mobile switching centers 
MSC/SGSN, the gateways GGSN"-and GMSC, and' the controllers 
B'SC/RNC have 'been physically located in a centralized 
5 manner at one single geographical site 20, 'thereby 
simplifying network maintenance and operation. 

'To exemplify more in detail how a DTM network 
architecture may be physically implemented in the' context 
of the invention, Fig. 6 illustrates the architecture of 

10 -the -DTM network illustrated in Fig. 3 more in detail. In 
Fig. 6, six DTM switches 21-26 span the DTM network. All 
six DTM switches are' physically connected to' a dual ring 
bus 30 forming the core of the" mobile network. • 

The first switch -2'1 : is connected to • the two mobile 

15 switching centers M3C/SGSN1 and MSC/SGSN2 , and the second 
switch 22 is connected to the ' four ; base station 
controllers ' BSC/RNCi, BSC/RNC2 , - BSC/RNC3, and BSC/RNC4 . 
Each one of the remaining four switches 23-26 is connec- 
ted to ' a respective group of base transceiver stations BS 

20 via point-to-point links, although a ring bus could also 
have been used' here as well. To be noted, it is in this 
example 1 assumed that each one of the base transceiver 
stations is provided with a DTM uplink. 

As a result of the features of a DTM network, a DTM 

25 channel may be established in almost any desired way over 
the DTM network. To illustrate an example thereon, the 
first mobile switching center MSC/SGSN1 may in Fig. 6 may 
transmit data to the second base station controller 
BSC/RNC2 using a DTM channel 31 that has been established 

30 via switches 21 and 22. As another example, the second 
base station controller BSC/RNC2 may transmit data to the 
base station BS4 using a DTM channel 32 established via 
switch 22 and 24. 

The switches 21-26 furthermore provides means for 

35 establishing, modifying and terminating such channels and 
for optionally increasing or decreasing the bandwidth 
thereof, for example based upon instructions received 
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from a network management station (not shown). Further- 
more, as. the DTM network uses a synchronous frame rate of 
, 8 kHz, this clock, signal . is preferably derived by the 
base transceiver stations BS to facilitate synchroniza- 
,5. tion, for ■ example . in . the context of multi base station 
transmissions. . : - 

Also* to be noted, the invention may advantageously 
, also be used to allow for several operators . to ; . offer 
. ... services -over the same network infrastructure. For 
.10 ' example, if one i Fig. 2A , assumes that the mobile 
switching centers MSC/SGSN1 and MSC/SGS.N2. belongs .to two 
. . ■ different- operators, the channels 11-14 .in . that figure 
would then , b.e --used to define separate- . logical 
.^.connectivity, hierarchies over the. same- DTM network, 
15 thereby making -it. possible, -for each, .one, of .the operators . 

to provided and define services, within the respe : citve ^ 
. -logical connectivity tree ,., comparatively . independent of ■■>-'*%$? 

.. . . the. other ^ . . . : , ..:.*...•..■ ,.;r\ 

. - It - ,is. to be understood that the above-described . .. 
20 embodiments ,are , merely illustrative of the principles of 

the invention v . Various modifications and. changes may be ..*v, 
.- made : thereto,., by those- skilled in the., art, which ^will 
embody the principles of the invention .and all within the 
spirit and, scope thereof. - - 

25 
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CLAIMS 

1. A method for transferring data in a mobile 
communication network, said method * comprising : 

5 ' transferring data between one or more mobile 

switching centers and one or more of a plurality of base 
stations via one or more base station controlers, each 
controlling a respective group of the plurality of base 
stations, at least in part using a Dynamic Synchronous 

10 Transfer Mode type network; and 

controling, at" least in part, ' the hierarchical 
relationship between the mobile switching centers, the 
base station controlers, and the base stations by 
defining logical channel's : within the Dynamic Synchronous 

15 Transfer Mode type network. 

2. The 1 method: of' claim 1, further comprising 
altering, at least in "part, the hierarchical relationship 
between, the mobile switching centers, the' base station 

20 controlers, and . the "base stations by re-defining logical 
channels within the Dynamic Synchronous Transfer Mode 
type network when so required by a failure occurring 
within the mobile communication network. 

25 3. The method of claim 1 or 2, further comprising 

the step of transferring data between a gateway to a 
Public Switched Telecommunication Network and the one or 
* more mobile switching ' centers using the Dynamic 
Synchronous Transfer Mode type network. 

30 

4. The method of claim 1, 2, 3, or 4, further 
comprising the step * of transferring data between a 
gateway to a packet switched network and the one or more 
mobile switching centers using the Dynamic Synchronous 
35 Transfer Mode type network. 
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5. The method of any one of the preceding claims, 
further comprising controling the bandwidth allocated for 
transfer of data between a mobile switching center of the 
one or more mobile switching centers and a controler of 

5 the one or more base station controlers by controling the 
size of a logical channel within the Dynamic Synchronous 
Transfer Mode type network. 

6. The method of any one of the preceding, claims, 
10 further comprising controling the bandwidth allocated for 

transfer of data between a controler of the . one or more 
base, station controlers and a base station, of . the set of 
bas,e stations controlled by the controler , by controling 
the size -of a logical channel, defined wjL.thin the Dynamic 
15 Synchronous Transfer Mode type network. ... 

7. ..The method of any one of .the preceding claims, 
further comprising controling, at., .least in part, ..the 
hierarchical, relationship between, the., mob.ile switching 

20 centers, the base station controlers., and the base 
stations, and, in doing so . .defining separate logical 
connectivity trees within the Dynamic Synchronous 
Transfer Mode type, network, each to be used by ..a separate 
network operator in providing services over the Dynamic 

2.5 Synchronous Transfer Mode type network. 

8. A mobile communication network comprising: 

one or more mobile switching centers, . each being 
associated with one or more . controllers , each one of the 
30 one or more base station controlers controling the 
operation of a respective set of base stations; 

.a Dynamic Synchronous Transfer Mode .type network 
providing at least, a part., of the required connectivity 
between the one or more mobile switching centers and the 
35 base stations; and 

means for controling, at least in part, the 
hierarchical relationship between the mobile switching 
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centers, the controllers, and the base stations by 
defining logical channels within' the ' Dynamic Synchronous 
Trans fer Mode type network . 

5 9. ' The mobile communication network of claim 8, 

further comprising means for altering, at least in part, 
the hierarchical relationship between the mobile 
switching centers, the base station controlers, and the 
base stations by re-defining logical channels within the 
TO Dynamic Synchronous Transfer Mode type network 



10. The mobile communication network of claim 8 or 
9, further comprising: 

a gateway to a Public Switched Telecommunication 
15 Network, 

the Dynamic Synchronous Transfer Mode type network 
providing connectivity between the one or more mobile 
switching centers and the gateway to the Public Switched 
Telecommunication Network . 

20 

11 . The mobile communication network of claim 8 , 9, 
or 10 , further comprising : 

a gateway to a packet switching network, such as the 
Internet, 

25 the Dynamic Synchronous Transfer Mode type network 

providing connectivity between the one or more mobile 
switching centers and the gateway to the packet switching 
network . 



30 12. The mobile communication network of claim 8, 9, 

10, or 11, further comprising means for controlling the 
bandwidth allocated for transfer of data between a mobile 
switching center of the one or more mobile switching 
centers and a controller of the one or more controllers 

35 by controlling the size of a logical channel within the 
Dynamic Synchronous Transfer Mode type network. 
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13. The mobile communication network of claim 8, 9, 
10, 11, or 12, further comprising means for controling 
the bandwidth allocated for transfer of data between a 
controller of the one or more controllers and a base 
5 station of the set of base stations controlled by the 
controller by controlling the size of a logical channel 
defined within the Dynamic Synchronous Transfer Mode type 
network. 
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